We believe that a natural focus of the Physics Education Research community is on 16 understanding and improving student learning in our physics courses. For this purpose, we are 
phenomena of daily life can increase the students´ interest, while allowing a precise analysis of the 48 data, which can contribute to the generation of scientific thinking and provide a good opportunity 49 for inquiry learning [18] . A great variety of responses have emerged for improving laboratory 50 experiences within the physics curriculum [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] .
51
With the emergence of technology, we can bring laboratory experiments closer to our students.
52
Mobile devices can provide meaningful assistance to users in their work, study and entertainment.
53
They have been widely used in recent years within the process of instruction in different disciplinary 54 fields [30] [31] [32] , although the effects on learning [33] [34] [35] [36] [37] [38] and the use given to them in the classroom are 55 still being studied. In education mobile devices are widely used to access, import, organize, edit, 56 simulate, design and share information extracted from the web; in addition to didactic applications 57 designed by the teacher for their use in the classroom they contribute to the reinforcement of the 58 teaching-learning-evaluation process. They allow to manage data collection tools, games/simulation,
59
learning management systems and productivity tools [39] . Due to the reasonable cost, size and 60 diverse functions of smartphones, and to the fact that the experimental configuration is simpler 
65
We are mainly interested in how the smartphones used for performing a physics laboratory 66 practice influenced the traditional learning of electromagnetism. Bearing this in mind, in this work
67
we are going to focus on the design of a laboratory experience to measure the dependence of the 68 magnetic field of a quadrupole on distance employing a smartphone.
69

Basic Theory
70
A linear electric quadrupole is a neutral charge system, formed by three charges: one with a 71 value -2q located at the origin of coordinates and two charges of value +q located symmetrically on 72 he x-axis, one at the point (-d, 0) and the other at (+d, 0) as shown in Fig. 1 . The total width of the 73 system is 2d. The electric field of this quadrupole at an arbitrary point of the plane P has two 74 components, one radial and the other transversal. For greater simplicity, we will consider the point 75 P on the x-axis at a distance x from the origin of coordinates and then only the radial component that (
To obtain this expression it has been assumed that ≫ . Being the electric dipole moment charges and P (x, 0) the point where the electric field is wanted to be calculated.
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In fact, we want to study a magnetic quadrupole, for which two magnetic dipoles will be used 
112
It should be noted that the future trends of magnetic sensors should be discussed from these two 
125
On the other hand, to carry out this laboratory experience we must prepare the measuring 126 instrument, this is, the smartphone following the steps described in [41] . We need to install an 127 application that measures the three spatial components of the magnetic field on the smartphone. Out
128
of all the apps that allow to make these measurements on the internet, we recommend the
129
Magnetometer app, and Physics Toolbox Sensor Suite by Vieyra Software app for smartphone with
130
Android and iOS operating system, respectively [59, 65] 131
Since the goal of the laboratory practice is to determine the dependency of the magnetic field on 132 distance, we will consider only a component of the magnetic field, for example, the x-component. In 
174
On the one hand, an objective which is considered sufficient is to be aware that the exponent n 175 is very close to -4. On the other hand, error calculation is an important task in experimental works.
176
For that reason, the students must carry out (calculate) an error analysis of the measurements and 177 results and they must fit the data using the least squared method. Consequently, we must linearize 
If we represent log versus log , we can obtain information on the exponent of x and its 181 absolute error, through the slope of the linear fitting. In Table 1 , we show the results for the 182 corresponding adjustment by least squares to the two quadrupoles used in this practice. 
183
where the detailed geometry appears in 
The first term is the most important, therefore
Deriving from r and changing the sign we obtain the electric field 
